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APPARATUS AND METHOD FOR PRODUCING TWISTED PAIR CABLES 
WITH REDUCED PROPAGATION DELAY AND CROSSTALK 

BACKGROUND OF THE INVENTION 

5 1. Field of the Invention 

The present invention relates to paired electrical 
conductors in cables used for transmitting both digital 
and analog signals and, more particularly, to twisted 
pair cables. 

10 2. Brief Description of Related Developments 

It has been the practice for many years that signals 
being communicated electrically in communication networks 
be transmitted over twisted pairs of signal conductors. 
This has been true for telephony signals and other types 
15 of signals, both analog and digital, including signals 
passed in computer networks and sometimes within the 
computer assemblies. 

The reasons that twisted pairs of signal conductors are 
used include controlling crosstalk between signal paths 

2 0 provided by various pairs which pass in close proximity 
to one another, such as being cabled together. In multi- 
pair cabling, two primary approaches have been used to 
control crosstalk. One is to have each pair in the cable 
twisted at a different twist rate (that is, the numbers 

25 of twists or turns per increment of length - a pair may 
be described as twisted at five turns per foot, for 
example) . Another is to wrap each pair in a foil shield. 
Either approach imposes difficulties in manufacture, 
which conventional practice has come to accept. 
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Differing twist rates in twisted pairs which are cabled 
together, while effective in some control of crosstalk, 
presents other difficulties as signal rates through such 
pairs are increased. In particular, twisting pairs at 
5 different twist rates results in pairs which have 
differing physical lengths within a given length of cable 
thus resulting in differing signal propagation delay 
characteristics. For demanding applications such as 1 - 
10 Gbps Ethernet, such differing physical lengths are a 
10 significant impediment as it is desirable to have as 
close as possible to simultaneous delivery of the 
transmissions on all pairs in a cable. Thus the 
capabilities of conventional twisted pair cables become 
marginal or unacceptable. 

15 Thus, there exists a need to provide a cable having 
twisted pairs therein with different twist rates changing 
continuously over the length of the cable and an 
apparatus to make such a cable. 

SUMMARY OF THE INVENTION 

20 

In accordance with one embodiment, an apparatus for 
forming a twisted pair cable has a device for rotating at 
a first predetermined rate of rotation a pair of 
elongated conductor strands about a twisting location, 

25 the device guiding the elongated conductor strands to the 
twisting location. The strands, after leaving the 
twisting location, enter a twist stop device mounted 
adjacent the twisting location and the twist stop device 
grips the running lengths of elongated conductor strands 

30 passing through the device for rotating and the twisting 
location. A strand puller engages the running lengths of 
elongated conductor strands after passing through the 
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twist stop and advances the strands passing through the 
device for rotating, and the twist stop device, the 
strand puller operating at a second predetermined rate of 
rotation. The device for rotation and the strand puller 
5 operating independently to make a twisted pair cable 
having different twist rates on different segments, the 
segments having different lengths. 

In accordance with a further embodiment, an apparatus for 

10 manufacturing twisted pair cables comprises a rotating 
frame operatively associated with a stationary frame and 
revolving about a twisting location. A twisting drive 
operatively drives the rotating frame in revolutions 
about the twisting location. The rotating frame has 

15 conductor guides mounted thereon for directing running 
lengths of elongated conductor strands along 
predetermined paths to the twisting location. A twist 
stop device is mounted on the stationary frame adjacent 
the twisting location and grips the running lengths of 

2 0 elongated conductor strands passing through the guides 
and the twisting location to from a twisted pair. A 
puller drive is operatively connected to the strand 
puller and drives the strand puller to advance strands 
through the conductor guides, the twisting location, the 

25 twist stop device, and the strand puller. The apparatus 
forms the twisted pair cable by controlling the twisting 
drive and the puller drive, each operating at varying 
speeds relative to each other, to twist pairs of strands 
passing through the apparatus into twisted pairs of 

30 indeterminate length having adjacent lengthwise segments 
of different length, and a number of twists on each 
segment differing from the next segment. 

U:\CLIENTS\950\010450-US (PAR)\Patent_Applicatlon 10450.doc 



4 



In accordance with a further embodiment, a method of 
forming a variable twist rate twisted pair cable is 
provided comprising the steps of rotating a frame on 
which two conductor strand spools are mounted at a first 
5 predetermined rate to create a twisting relationship 
between two conductors being fed from each strand spool 
and through the rotating frame; feeding the two 
conductors through a twist stop device that fixes a 
relative placement of each conductor as the conductors 

10 are fed together from the rotating carriage and through 
the twist stop; and rotating a strand puller at a second 
predetermined rate to pull the two conductors from the 
rotating carriage, through the twist stop device and to 
collect the variable twist rate twisted pair cable 

15 formed. 

In accordance with a still further embodiment, a twisted 
pair cable is provided comprising a first conductor and a 
second conductor twisted about one another over a 
20 plurality of lengthwise segments, the segment lengths 
being unequal and a twist rate on each segment being 
different. Further, adjacent, side-by-side, twisted pair 
cables formed by the method of the present invention have 
different twist rates in adjacent segments. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing aspects and other features of the present 

invention are explained in the following description, 
taken in connection with the accompanying drawings, 
wherein: 

30 FIG. 1 is a block diagram of one embodiment of a system 
of the present invention; 
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FIG. 2 is a graph representing different types of 
variable twist rates on different segments; 

FIG. 3 is a graph representing the twist rate of a cable 
as controlled by other factors of the present invention; 

5 FIG. 4 is a representation of a twisted pair of 
conductors having a multiple twist rates over segments of 
cable in accordance with present invention; and 

FIG. 5 is a cross-sectional view of one embodiment of a 
twist stop incorporating features of the present 
invention . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT (S ) 

Referring to FIG. 1, there is shown a block diagram of 
one embodiment of a system 10 incorporating features of 
the present invention. Although the present invention 
will be described with reference to the embodiment shown 
in the drawings, it should be understood that the present 
invention can be embodied in many alternate forms of 
embodiments. In addition, any suitable size, shape or 
type of elements or materials could be used. 

20 The system 10 generally comprises an apparatus adapted to 
produce a variable twist rate twisted pair ("VTRTP") 
cable. In one embodiment, the system or apparatus can 
comprise a pair of strand spools 12, 14 where each spool 
feeds an elongated conductor or conductor 16, 18 through 

25 a rotating frame or carriage 20 to a twisting location 
being a twist stop device 28 and then onto a strand 
puller or take-up spool 30. It is one feature of the 
present invention to independently adjust the rate of 
rotation of the rotating frame 20 from the rate of 
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rotation of the strand puller 30 in order to 
deterministically vary the number of twists per inch on 
the resulting cable. 

As shown in FIG. 1, the apparatus 10 generally comprises 
5 a pair of strand spools 12, 14 where each feeds a single 
conductor 16, 18 through the rotating frame 20 driven by 
a twist drive motor 22. Although the present embodiment 
discloses an apparatus with the rotating frame 20 and the 
fixed twist stop device 28, other arrangements are 

10 clearly within the scope of the invention for making the 
end product of the variable twist rate twisted pair 
("VTRTP") cable. Further, additional strand spools could 
be added to create a multi-conductor twisted cable. The 
twist stop or die 28 receives the pair of rotating 

15 conductors from the rotating frame 2 0 and outputs a 
single twisted pair cable 26. A strand puller 30 coils 
the twisted pair cable 26 thereon. A controller 24 
directs the rotation of the rotating frame 20 and the 
strand puller 30 in a predetermined manner so that a 

20 variable twist is placed on the cable over different 
segments . 

Further, a multi-pair cable (not shown) can be 
manufactured by placing appropriate spools on the 
apparatus and further controlling the twisting of the 

25 already twisted pair cables as they are joined into one 
cable. An appropriate twist stop for each of the pairs 
(not shown) is required for handling multi-pair cables. 
The outer jacket and/or shielding is applied to the 
multi-pair cable in a conventional manner and is not 

3 0 shown. 
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Still referring to FIG. 1, the pair of strand spools 12, 
14 each have the single conductor 16, 18 coiled thereon. 
Typically, the conductors 16, 18 are coated with an 
insulating material which is conventional in the art. As 
5 the conductors 16, 18 are fed off of the strand spools 
12, 14, a device may be attached to the spools 12, 14 
being either mechanical or electro-mechanical to monitor 
the amount of conductor removed. This device may be a 
rotation counter 76 installed on each spool to provide 

10 rotation information to a computer, for example, for 
monitoring the length of conductor on a particular 
segment. In another embodiment, the conductor 16, 18 
itself may pass through a device (not shown) for 
measuring the length of conductor removed. A larger 

15 capacity of the strand spools provides for lower costs 
since the spools would not have to be changed as often. 
The strand spools 12, 14 are mounted on the rotating 
frame 20 that is driven by a carriage twisting drive 
motor 22 by means of conventional gears, for example. 

20 The twisting drive motor 22 is attached to the fixed 
frame 86 upon which the rotating frame 20 is attached. 

One embodiment of a twist stop device 72 is disclosed in 
FIG. 5. The purpose of the twist stop device 72 is to 
stop the rotation of the resulting cable, at the twisting 

25 location, which is formed by the rotating conductors from 
the rotating frame 20. A pair of conductor guides 90, 92 
in the rotating frame 20 insure that the twisting action 
takes place at the twist stop device 72. The pair of 
conductors 16, 18 are shown being twisted by the rotating 

30 frame 2 0 and entering into a funnel shaped cavity 74 
which guides the twisting conductors through an exit 78 
of this cavity 74 and into a vertical channel 80. Inside 
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the channel 80 is located, for example, a pair of pinch 
rollers 82, 84 having, for example, rubbery coated 
surfaces (not shown) that grip the cable 2 6 therein and 
prevent the cable 2 6 from further rotation after the 
5 twist is placed thereon. The strand puller advances the 
cable 2 6 from the channel 8 0 at a predetermined rate that 
may be measured as so many inches per second. This rate 
being provided by the controller 24 to the strand puller 
drive motor 32. 

10 Still referring to FIG. 1, the controller 24 is connected 
to the twisting drive motor 22 of the rotating frame 20 
to set the rotation rate of the rotating frame 20 by 
providing appropriate signals thereto. The higher the 
rate of rotation of the rotating frame 20, the more 

15 twists per inch are placed on the twisted pair cable 26, 
normally- This clearly depends on the rate of take-up of 
the strand puller 30. The twisted pair cable strand 
puller 30 receives and coils the twisted pair cable 2 6 
thereon and is driven by the puller drive motor 32 

20 connected also to the controller 24. The controller 24 
provides appropriate signals to both the twisting drive 
motor 22 of the rotating frame 20 and the puller drive 
motor 32 of the strand puller. Preferably, the 
controller 24 includes a programmable computer having 

25 information stored therein which is used to control both 
the drive motors 22, 24 according to a desired end 
product, i.e., the twisted pair cable having a defined 
twist rate thereon at each point. The type of 

information stored therein is further disclosed below. 

30 In addition, the controller 24 which selectively controls 
both the twisting drive motor 22 and the puller drive 
motor 32 is further able to determine the amount of 
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conductor per unit length as noted above, whether 2 feet 
or 10 feet, based on the amount of conductor removed from 
the strand spools 12, 14. 

Depending on the predetermined rates, a variety of twist 
5 patterns may be imparted to the cable 26. A first 
predetermined rate being defined as the rate of rotation 
of the rotating frame 20, and, the second predetermined 
rate being defined as the puller rate of the strand 
puller 30. For example, the rotating frame 20 may have a 

10 range of rotation rates as measured by turns per second, 
for example, a slow rate to a fast rate, and so if the 
frame 20 is turning fast, more twists per inch are 
normally put on the cable 26 if the puller drive rate is 
not changed. But if the cable puller drive motor 32 is 

15 pulling the cable 26 faster, a different twist rate may 
occur at that time. The strand puller rate of the take- 
up spool having a range of rates, a slow rate to a fast 
rate where the rate may be measured as inches per second. 
If the cable puller drive motor 32 is pulling fast, 

20 relative to its range of rates, and the twisting drive 
motor is turning slow, relative to its range of rates, 
the twist rate will be very low. If the cable puller 
drive motor 32 is pulling very slowly and the twisting 
drive motor is turning very fast, a higher twist rate 

25 will be produced. By the proper selection of the motor 
speeds, the twist rate on the resulting cable 26 may be 
made to change to almost any value within the limitations 
of the apparatus. 

FIG. 2 is a generalized graph of different twist rate 
30 algorithms. The horizontal axis 34, the x-axis, 

represents the distance from the starting point of a 
cable 60, shown in FIG. 4, for example. The cable 60 may 
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have nLimerous segments over its length starting with 
segments SI, S2 and S3. The vertical axis 36, the y- 
axis, represents the twist rate in the cable in "twists 
per inch," the higher twist rate located near the origin. 
The dashed curves on the graph represent average twist 
rates at a given point in a cable length. The line 42 
which may be a mathematical formula, for example, 
represents a linear change in the twist rate over the 
length of the cable. The line 44 represents an 
increasing twist rate from the start to the end of the 
cable, and line 4 6 represents the twist rate increasing 
to a given point 50 and then decreasing such as would be 
provided by the first section of a sine curve. It is 
clear that many other algorithms may be selected to 
change the twist rate on the cable as it is being 
manufactured by the present invention and even one not 
represented by a mathematical formula is allowed. 

Still referring to FIG. 2, the cable 68, only partially 
shown in FIG. 5 , has a twist rate of Tl over segment SI, 
a twist rate of T2 over segment S2, and a twist rate of 
T3 over a segment S3. The twist rates are decreasing 
over each segment. It is further seen that the machine 
10 is not able to instantaneously change the twist rate 
from segment to segment and thus a step segment ICQ being 
a continuously changing twist rate will exist between 
segments 81 and 82. The cable 68 is thus a combination 
of segments having, alternating, fixed twist rates and 
continuously changing twist rates segments. The length 
of each lengthwise segment being programmed into the 
controller 24 as well as other parameters necessary to 
generate the cable 68. A cable 102 is illustrated having 
increasing twist rates over several segments and a 
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decreasing twist rate at the end. Because of the 
physical limitation of twisting elongated conductors and 
the controller being able to change twist rates and 
segment lengths, a cable may appear to have a 
5 continuously changing twist rate where, for example, the 
segments are very short, on the order of inches to feet, 
and the twist rate is changed only slightly from one 
segment to another. 

To further understand the operation of the variable twist 

10 rate apparatus 10, reference is made to FIG. 3 which 
represents by graph how the twisting drive motor 22 which 
turns the rotating frame 20 at a first predetermined 
rate, twists per second, each twist representing one 
rotation of the frame 20, relates to the strand puller 

15 rate, inches per second, for example, of the puller drive 
motor 32. As seen in FIG. 3, the horizontal axis 38 
represents the take-up rate and is divided into units of 
inches per second. The vertical axis 4 0 represents the 
actual twist rate, twists per inch, on a cable at a 

20 particular distance obtained from FIG. 1. The lines 
represented thereon reflect different rotation rates of 
the frame 20. For example, line 52 represents a rotation 
rate of one twist per second of the frame 20 with a 
changing take-up speed reflected. Although, line 54 is 

25 limited as to the twist rate, the computer directing the 
controller 24 may be programmed to jump to different 
lines and follow different algorithms such as shown in 
FIG. 2. Line 54 represents a twist rate of 6 twists per 
second and line 56 represents 12 twists per second. 

30 These numbers only being illustrative for the purpose of 
explaining the present invention. Thus, one is able to 
select an instantaneous twist rate from FIG. 2 according 
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to the line selected. This twist rate is then found on 
the vertical axis 40 of FIG. 3 and from there one is able 
to obtain the settings for the rotating frame 20, the 
desired twist rate per second, and the speed of the 
strand puller 30 in inches per second. Thus a cable 
having 4 twists per inch may be generated by having a 
twisting drive rate of 6 twists per second and a strand 
puller rate of 1.5 inches per second (4 twists per inch = 
6 twists per second / 1.5 inches per second). 

FIG. 4 illustrates a pair of twisted conductors 62, 64 
formed in accordance with the present invention. Over a 
segment having a predetermined distance, the twist rate 
of the pair of conductors 62, 64 changes from a 
relatively high twist rate at point 66 (segment SI with a 
twist rate of Tl) , to a relatively medium twist rate at 
point 68 (segment S2 with a twist rate of T2) and to a 
relatively low twist rate at point 70 (segment S3 with a 
twist rate of T3) . 

The twisted pair cable thus generated by the apparatus 10 
may have different twist rates over segments of unequal 
distance, and thus if two of the twisted pair cables are 
bundled, no point in adjacent cables would have similar 
twist rates thus insuring a minimum of crosstalk in 
either a twisted pair cable or in a cable having multi- 
twisted pairs. 

The present invention is thus directed at obtaining high 
quality twisted pair cables, for example, for handling 
data rates ranging from 1 Mbps to 100 Gbps . 



U:\CLIENTS\950\010450-US ( PAR) \Patent_Application 10450. d< 



13 



It should be understood that the foregoing description is 
only illustrative of the invention. Various alternatives 
and modifications can be devised by those skilled in the 
art without departing from the invention. Accordingly, 
the present invention is intended to embrace all such 
alternatives, modifications and variances which fall 
within the scope of the appended claims. 
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